Although the precise route and mode of transmission of Helicobacter pylori are still unclear, molecular methods have been applied for the detection of H. pylori in environmental samples. In this study, we used the direct viable count fluorescent in situ hybridization (DVC-FISH) method to detect viable cells of H. pylori in the River Aliakmon, Greece. This is the longest river in Greece, and provides potable water in metropolitan areas. H. pylori showed positive detection for 23 out of 48 water samples (47.9%), while no seasonal variation was found and no correlation was observed between the presence of H. pylori and indicators of fecal contamination. Our findings strengthen the evidence that H. pylori is waterborne while its presence adds to the potential health hazards of the River Aliakmon.
INTRODUCTION
Helicobacter pylori infection is widespread throughout the world, and is strongly associated with gastroduodenal disease, including chronic active gastritis, peptic and duodenal ulcer disease and gastric cancer (Suerbaum & Michetti ) . The natural history and other aspects of the epidemiology of H. pylori infection are still unclear.
The mode of transmission of H. pylori is also unknown, but fecal-oral transmission is highly probable (Go ) .
Several studies have suggested that use of fecal-contaminated potable or recreational water might aid the transmission of H. pylori (Brown ) , while Baker and Hegarty reported a strong association between the presence of H. pylori in untreated well water and clinical infection (Baker & Hegarty ) . Researchers also have detected H. pylori in foods like spinach (Buck & Oliver ) and milk (Angelidis et al. ) . These results indicate the possible contribution of water and soil and that animals like sheep and bovines may constitute a natural host for H.
pylori.
When H. pylori is exposed to variable environmental conditions, the cells enter a viable but non-culturable state (VBNC) and changes in metabolism and growth patterns are observed (Nilsson et al. ) . This is the reason why H. pylori has not yet been isolated from environmental samples by traditional culture techniques and its presence in such samples has been shown using molecular techniques (Hegarty et al. ; Watson et al. ; Voytek et al. ) .
One of these techniques is the direct viable count (DVC) method combined with fluorescent in situ hybridization (FISH). The DVC procedure is based on incubation of viable cells. These elongated cells could be detected by epifluorescent microscopy and could be discriminated from non-viable cells by differences in size (Piqueres et al.
).
Water quality of rivers is one of the most important concerns facing communities that are dependent on the river for drinking water, agriculture, and watershed. Microbial contamination must be monitored continuously to determine the condition of the water in order to prevent the spread of diseases and to eliminate non-point source of contamination (Mendoza et al. ) .
The current study describes the application of DVC-FISH for the detection of H. pylori in the River Aliakmon, Greece. The River Aliakmon is the longest and most important river in the region of Northern Greece; it originates from mountains inside Greek territory, it has a length of about 310 km and is used both for agricultural activities and for providing potable water to the city of Thessaloniki (1,000,000 inhabitants). Thessaloniki is the second biggest city of Greece, after the capital Athens, and is located in the Thermaikos Gulf, where the River Aliakmon discharges.
This work also constitutes one of the few reports of H. pylori molecular detection in river water worldwide. We also performed statistical analyses to examine the possible correlation between the occurrence of either total coliforms (TC) or Escherichia coli in the river water and the presence of H. pylori.
MATERIALS AND METHODS

Sampling and microbiological procedures
Two sampling sites (stations) were established in the River Aliakmon, while vehicular access to the river was the major factor determining sampling location: station P1 and P2, which were at a distance of 100 and 20 km respectively, from the city of Thessaloniki. Station P1 was located at the Veria dam and station P2 was located before the water treatment plant of Thessaloniki, where water was treated for drinking purposes. 
Epifluorescence microscopy
For epifluorescence microscopy, slides were scanned under 
RESULTS AND DISCUSSION
; Twing et al. ).
There is a growing body of data from other relevant investigations in different countries which provide evidence that H.
pylori is present not only in surface waters, but in water distri- 
CONCLUSIONS
In this study, we used DVC-FISH to detect the presence of H. pylori in the River Aliakmon, Greece, and provide evidence of the following: • Since no correlation was observed between the presence of H. pylori and fecal indicators, we can conclude that safety of water cannot be based just on fecal indicators and that new approaches and methods are needed for routine screening of water supplies and for providing potable water of adequate quality.
• The molecular method of fluorescent in situ hybridization is an efficient, although laborious, way to detect VBNC pathogens in water sources. 
